Aroma is the most important factor in assessing the quality of coffee. The volatile compounds profile could be very important to confirm the authenticity of Coffea arabica. The study was carried out on two species of unroasted coffee beans: Coffea arabica from Colombia and Nepal and Coffea robusta from Uganda and Vietnam. Both Coffea arabica and Coffea canephora were imported to the country of analysis approximately 5 months prior to the research. Before the analysis, the coffee beans were kept in a sealed, dark container, at 21 °C. The tests were performed using an electronic nose. Its functioning is based on gas chromatography with two columns of different polarities in parallel and with 2 ultra sensitive Flame Ionization Detectors (FID). With multivariate statistics -Principal Components Analysis -it was possible to reduce the number of links and present them in two dimensions, which allowed for the unambiguous identification and assignment of samples to a particular species of coffee. By using an electronic nose, one can distinguish and group unroasted coffee beans' flavours depending on the country of origin and species.
Introduction
Aroma is the most important factor to assess the quality of coffee, as well as the main aspect of consumers' choice (Farah et al., 2006) . Coffea arabica is often the subject of commercial falsification because of the economic factors. Coffea arabica is often mixed with beans of coffees that are less expensive, such as Coffea canephora, but still labeled as "100% Arabica" or "Highland coffee" and often sold at the same price as real Arabica (Schievano et al., 2014) . Most consumers are not experienced enough to recognize the difference between a 100% Arabica and an admixture of Robusta.
Coffea arabica has a mild aroma, whereas Coffea canephora -raw and earthy. There is a price difference between the above-mentioned types of coffee on the global market. The average price of Arabica on the US market in February was 179.94 cents per pound (IndexMundi, 2016a) , while the price of Robusta was 103.74 cents per pound (IndexMundi, 2016b) .
The sensory aroma profile is very important in indicating the authenticity of Coffea arabica. The basic taste sensations in coffee are formed by volatile compounds present in coffee beans. They are the main factors responsible for the aroma. They belong to various chemical groups: aliphatic hydrocarbons, sulfur compounds, pyrazines, pyridines, oxazoles, pyrroles, furans, aldehydes, ketones and phenols (Freitas & Mosca, 1999; Buffo & Cardelli-Freire, 2004; Bröhan et al., 2009; Rodriguez et al., 2010) but only a relatively small group of them (called the key components) is responsible for the aroma of coffee, such as dimethyl disulfide, which is an essential element for improving the fragrance of coffee aroma (Huang et al., 2007; Bröhan et al., 2009) . Dptimal climate conditions are important during the grow, flowering and ripening of the coffee fruit. The optimal climate conditions make impact on quantity and quality of volatile compounds and have some extent on shaping of the smell of coffee (Wrigley, 1988; Destreich-Janzen, 2013) . The production of high quality coffee depends on many factors i.e.: a variety of genetic, an environmental conditions, a brewing methods and management (agronomic and after harvesting) and a degree of roasting and grinding coffee. The environmental factors -a geographical location, a soil type, a time of harvesting coffee berry, a species of coffee, a type of collection, a climatic conditions, a fertilizing, have a large extent of impact on the profile of volatile compounds in coffee (Wintgens, 2004; Bosselmann et al., 2009; Bhumiratana et al., 2011; Sunarharum et al., 2014) . Coffea arabica and Coffea canephora differ in chemical composition as well as the occurrence of volatile compounds and, as a consequence, in aroma.
Volatile compounds found in coffee can be detected by using various methods, including the solid phase microextraction (SPME), the headspeace and the GC/MS methods. These methods are time-consuming, labour-intensive and costly but this methods are very popular for the identify volatile compounds in foodstuffs. Therefore, there is a need to establish new methods that are fast, Volatile compounds profiles in unroasted Coffea arabica and Coffea canephora beans from different countries chemistry-free and non-invasive. The electronic nose (e-nose) instrument is less expensive, precise, giving rapid results in short response time. It is a good gear to identify, typify and classify foodstuffs aromas (Wilson & Baietto, 2009; Suslick et al., 2010; Rodriguez et al., 2010; Baietto & Wilson, 2015) . It consists of a sensor assembly (part of the receptor). These receptors have a limited selectivity and react to the presence of large amounts of compounds which are changing in their physicochemical properties recorded by the transducers. It identifies compounds in the mixture and analyses the main components based on the retention time of volatile compounds profile of samples. Moreover, as in the case of human nose, it gives an overall perception (Shilbayeh & Iskandarani, 2004; Win, 2005; Cho & Kang, 2011; Baietto & Wilson, 2015) . For quick interpretation of a volatile pattern the data collected must be combined with chemometric analysis which deals with obtaining multi-dimensional data from the measuring system using both methods: statistical analysis and mathematics. Based on the analysis of coffee volatile compounds and the results obtained through the PCA method, it is possible to classify different samples of coffee in terms of substances present in samples and indicate the substances allowing us to recognize different samples of coffee. Electronic nose performs measurements that allow qualitative and quantitative analysis of volatile compounds in real time. It creates digital fingerprints odors. It is an instrument which allows thorough analysis of mixtures of volatile compounds in various foodstuffs.
With it is possible to analyze and control the quality of food (Suslick et al., 2010; Cho & Kang, 2011; Wilson, 2013) .
The aim of the paper was to analyse the possibility of using the electronic nose as a quick tool to detect the difference between coffee beans compounds and distinguish two species of coffee.
Materials and methods
The study was carried out on two species of unroasted coffee beans: Coffea arabica and Coffea robusta with different places of origin: Arabica from Colombia and Nepal and Robusta from Uganda and Vietnam. Both Coffea arabica and Coffea canephora were imported to Poland approximately 5 months prior to the research. Before the analysis, the coffee beans were kept in a sealed, dark container at 21 °C. Samples were prepared immediately after opening the container.
The device used for the analysis and identification of volatile compounds was an electronic nose with Ultra Fast GC (ultra-fast gas chromatography), the Heracles II (Alpha MDS, Toluse, France). The system was equipped with a trap to pre-concentration of light volatile compounds, like the SPME. It consists of two columns of different polarities in parallel DB-5 and CD-1701 (10 m x 0.18 mm x 0.4 μm; Restek, Munich, Germany) and coupled with two Flame Ionization Detectors (FID).
Approximately 3 grams of coffee beans were weighed into each vial, sealed with a silicon-teflon septum soon afterwards. All samples were placed on a tray with blanks (empty/control vials). The study was repeated 3 times for each type of coffee. The initial temperature was 40 °C, while the initial isothermal was 5 seconds and the acquisition time was 93 seconds. The temperature control was following at 80 °C in 300 seconds. Injection volume was 1000 µL, the rate of 125 mL/s and the injection temperature was 200 °C. The calibration method was described in the previous studies Wojtasik-Kalinowska et al., 2016) .
Principal Components Analysis (PCA) is a statistical method that enables the analysis of multidimensional sets of results. This method was used to analyse data due to the possibility of reducing the number of variables and present them in a space of two or three dimensions. Alpha Soft (v. 8.0) software was used for data processing.
Results and discussion
The study included two different species of unroasted coffee originating from four different countries. C. arabica was from Colombia and Nepal and C. canephora was from Uganda and Vietnam. It is significant differences between the two types of coffee. Volatile compounds tentatively identified in C. arabica from Nepal and Colombia are shown in Tables 1 and 2 . These countries have different location above sea level, climate, annual precipitation and temperature. Such conditions have an impact on growth, flowering, the way of harvesting coffee as well as on the formation of different volatile compounds in coffee. The volatile compounds tentatively identified in coffee samples proved to be different. The only common feature of both species of coffee is one sensory descriptor but it is represented by various chemical compounds. Table 3 and 4 present the results for Coffea canephora from Uganda and Vietnam, characterised by earthy and fruity / fresh smell. They have two common compounds: 2-methylpentanal and methyl hexanoate (Table 3 and 4). Methyl hexanoate was tentatively identified also in our study of Coffea arabica from Colombia (Table 2 ).
In our study propanal was tentatively identified in Coffea arabica from Nepal (Table 1) . Propanal was identified by Yeretzian et al. (2002) in green coffee and in green robusta coffee by Nebesny et al. (2007) . Pentan-2-ol was marked in green Arabica coffee beans in the study by Bertrand et al. (2012) . 2,3-dimethylpyrazine, which was tentatively identified in our study in Coffea arabica from Nepal, was marked in the study by Nebesny et al. (2007) , in brewed coffee (Dchiai et al., 2014) , roasted coffee (Toci & Farah, 2008) and extracts of coffee (Coffea arabica) (Cheong et al., 2013) .
The apparent presence of benzene acetaldehyde and ethylpyrazine in Coffea arabica from Nepal in our study is consistent with the results of the study by Vitzthum (1976) , who documented the presence of these compounds in green coffee (Flament & Bessière-Thomas, 2002) . Beznene acetaldehyde (Phenylacetaldehyde) was also marked in green coffee beans in the study by Cantergiani et al. (2001) , Yeretzian et al. (2002) and in green coffee beans (Coffea arabica) from Hawaii (Lee & Shibamoto, 2002) . Also Fisk et al. (2012) found these compounds in their study of roasted and ground coffee and Mestdagh et al. (2014) in coffee beverage. Ethylopyrazine (2-Ethylopyrazine) was identified by Nebesny et al. (2007) in green robusta coffee and in roasted coffee in the study by Toci & Farah (2008) .
2-methylpropanoic acid (isobutanoic acid) was marked in green coffee beans in the study by Yeretzian et al. (2002) and in green Mexican coffee by Cantergiani at al. (2001); methyl hexanoate (Hexanoic acid) (Table 2, 3 and 4) was marked in green coffee by Cantergiani at al. (2001) , Yeretzian et al. (2002) , by Toci & Farah (2008) in black-immature coffee beans and by Bertrand et al. (2012) in green Arabica coffee beans. 2-propionylpyrrole (1H-Pyrrole) was found in roasted coffee (Toci & Farah, 2008) , in green Mexican coffee (Cantergiani et al., 2001 ) and in black coffee beans (Agresti et al., 2008) . Dimethyl trisulfide marked in our study by the e-nose was also shown in the study by Blank (2002) in roasted and ground coffee and in roasted coffee by Michishita et al. (2010) .
4-Methoxy-2-methyl-2-mercaptobutane (Table 3) was identified by Kumazawa & Masuda (1999) in green tea.
2-furanmethanol, tentatively identified in Coffea canephora in our study (Table 4) , is consistent with the results of the study by Nebesny et al. (2007) and Bertrand et al. (2012) ; maltol in roasted coffee, Robusta, was found by Silwar & Lüllmann (1993) and 1-heptanol was identified by Gutmann et al. (1979) in green coffee beans. Methional was found by Semmelroch & Grosch (1995) in roasted coffee powders and brews (Arabica and Robusta) and by Buffo & Cardelli-Freire (2004) Cis-3-Hexenol was identified in coffee in the study by Dchiai et al. (2014) , Bertrand et al. (2012) identified toluene in green Arabica coffee and Nebesny et al. (2007) in green coffee beans, Procida et al. (1997) in green coffee (arabica and robusta) and Cantergiani at al. (2001) in green C. arabica from Mexico (Flament & Bessière-Thomas, 2002) .
PCA method enables identification of separate compounds that differ among coffee species. The results of the PCA analysis of volatile compounds are described in Figure 1 . Based on this analysis, it can be stated that the four analysed types of coffee differ from each other, enabling unambiguous identification as well as the assignment of samples to a specific group.
Samples of Arabica from Colombia are set in the upper left part of the chart, Arabica from Nepal in the upper right part and roasted Robusta can be found in the third quadrant of the graph. A clear arrangement of samples can be observed in the chart: the Arabicas are on the opposite sides of the graph while the Robustas are close to each other. Coffea arabica seems to be well grouped. Types of Coffea canephora are close to each other, which results from the more similar sensory descriptors than in the case of Arabica.
Volatile compounds occurring in roasted and unroasted coffee allow for differentiating from which country they come from. These countries have different location above sea level, climate, annual precipitation and temperature. Such conditions have an impact on growth, flowering, the way of harvesting coffee as well as on the formation of different volatile compounds in coffee. The volatile compounds identified in coffee samples proved to be different. The only common feature of both species of coffee is one sensory descriptor but it is represented by various chemical compounds. Dur findings could be confirmed by the results of the study by Freitas et al. (2001) , in which volatile compounds profiles of Coffea arabica and Coffea robusta occurred on the opposite sides of the PC1 axis.
Coffea arabica is used in blends for the aroma effect whereas Coffea robusta is used for taste. Consumers are rather unable to notice the difference between Arabica and Robusta in the taste of coffee beverage. However, the difference between the two types of coffee is perceptible, not only in price but also in the volatile compounds profiles. It can be determined by using the electronic nose. With these designations and this method it is possible to easily and quickly verify the contents of the product and check its accordance with the manufacturer's declaration and whether the country of origin is compatible with the indication on the packaging.
